The purpose of the present work is to understand the evolution of residual stresses in weldments. The study made to weld the multipass dissimilar of Nickel-based superalloy Inconel 625 and stainless steel 316L using Continuous Current Gas Tungsten Arc Welding (CCGTAW) and Pulsed Current Gas Tungsten Arc Welding (PCGTAW) process employing ERNiCrMo-3 and ERNiCr-3 fillers. The L 4 orthogonal array was used in the present experimentation process. Analysis of Variance (ANOVA) is applied for the optimization and to identify the critical parameters. In welding process, the size of the lattice size will be stressed due to welding parameters; the lattice dimension is measured by non-destructive technique X-Ray diffraction to investigate residual stress in the weldment in the lateral surface of the plate. X-Ray Radiography test has evaluated the quality of welds. The results show that root gap is a critical parameter and filler wire and weld processes are not critical.
Introduction
Welding of similar or dissimilar materials having individual thermal properties (density, linear expansion, specific heat, conductivity) and mechanical properties (yield strength, Poisson's ratio) lead to changes in residual stress and distortion and metallurgical properties. This causes inhomogeneous plastic deformation leading to defects like distortion and residual stresses in the welded parts. Stresses within a material are thoroughly isolated into two essential orders (a) within and (b) external surfaces. External stress is related to exterior loads coupled during the manufacturing or machining and cyclic operations process of material; internal stress is naturally present inside the material even though no external forces are acting on it.
Dissimilar materials joining will minimize the weight and cost of the component, where demand for such materials are necessary for various industrial application such as nuclear, automobile, aerospace, power plants and chemical plants. The multi-pass welding process is used for welding of thick metals. For each of the passes (heat), equal intervals of time are taken to fill the material at groove designed. The material undergoes transient heating and cooling cycles during these processes. The size of the lattice size of metal is stressed even after the metal cools down to room temperature. The researchers had developed multi-purpose 3D models for the welding process to study the temperatures, distortions, and residual stresses. Simulation of butt joints for weldments using the single pass, multi-pass welding with element birth and death techniques for laser beam and arc welding process using ANSYS packages 1,2,3,4 .The initial, temperature dependent material properties, convection, and radiation boundary conditions are also adopted for welding processes. Heat is concentrated at the welding zone during the welding process; the weld portion will undergo thermal cycles for thick workpieces while filling of material in grooves, during the addition of the material non-uniform heating and cooling occurs during each pass for thick materials, this leads to the generation of residual stresses in the weld structures. Murugan 5 has studied the multipass welding of various thick plates, the temperature and residual stresses measured either side of the weldment pass by pass, with thermocouples and X-Ray diffraction. Residual stress developed during the machining or manufacturing process, these were measured using the X-ray diffraction 6 is a nondestructive measurement method using this equipment we can know the atomic lattice spacing in the measured component. Lei XU 7 had discussed weld with K-PAW process for making T-joint with thin plate used for aerospace application and study about the measurement of residual stress using synchrotron X-ray diffraction and FEA. The residual stress is measured using ultrasonic techniques; welding was carried out with TIG and A-TIG processes for thick plate welds 8 . The residual stress measurement is done through XRD, before and after post weld treatment for butt tube joints 9 . Laser beam welding process has narrow fusion zone and narrower residual stress distribution in weld structures, the butt joints are made for thick plates pre and post weldment vibratory stress relief (VSR) treatment for weldment at low frequency, where this technique was used for reducing the residual stress to 100 MPa 10 . Surface residual stresses were measured by ED-Hole drilling strain gauge method, and it was also evaluated in thickness using X-ray diffraction, the study also includes the metallurgical characterization 11 . The detailed study of dissimilar butt welding joints are made for Inconel 625 and AISI 316L, with both continuous and pulsed current GTAW process, and two filler wires were included for weldability, metallurgical and mechanical properties of joints 12 . The investigation of residual stress of dissimilar butt pipe welding was studied by the nondestructive capability of LCR ultrasonic method, the finite element model, hole-drilling and ultrasonic stress measurements methods are employed on two dissimilar welded pipes 13 .
It is evident from the literature; no studies were reported on residual stress measurement for multipass dissimilar weldments of SS316L to Inconel 625. In the present work, the multipass dissimilar joints are achieved with both continuous current GTAW and pulsed current GTAW processes by using the ERNiCr-3 and ERNiCrMo-3 filler wires. The L 4 orthogonal array is employed to identify the critical parameters for generation of residual stresses. The residual stress is measured in the transverse direction to weld. The measurement is carried out at fusion zone in the weldment by using the X-Ray diffraction non-destructive technique.
Experimental Work
The chemical composition of the base metals Inconel 625 to SS316L and filler metals ERNiCrMo-3 and ERNiCr-3 is shown in Table 1 . ERNiCrMo-3 and ERNiCr-3 fillers are utilized to weld dissimilar metal combinations, for example, steel, stainless steel, Inconel, and Inconel alloys for GTAW, GMAW, and ASAW processes. The dimensions of the samples employed for the present study of 110 mm x 60 mm x 5 mm. The standard single V-groove design was employed for butt joints, with an included angle of 60º is used for dissimilar joints. The investigation is involved in both CCGTA welding and PCGTA welding processes. The L 4 orthogonal array was chosen for the present experimentation as shown in Table 2 . The processes parameters employed in multi-pass GTAW process (CCGTAW and PCGTAW) of dissimilar welding (Inconel 625 to SS316L) are represented in Table 3 .
In this study, three passes are employed for each weld sample for adding of different filler materials at root, filler and cap pass at groove designed for formation of the joint. The current was used for CCGTAW process were 140 Amps and for PCGTAW was 160 Amps with background current was 80 Amps, welding voltage 13-15 Volts and flow rate 10 L/min was maintained constant for both the processes and two different filler wires are used for each process. The sequence of weld passes employed for the experimentation is shown in Figure 1 . The interpass time and interpass temperature are maintained between the passes 14, 15 . After each pass, the interpass temperature is maintained below 150ºC to avoid cracking of the weld sample 16 . The welded samples are free from weld defects, is verified from the X-Ray radiography NDT inspection samples are shown in Figure 2 .
the goniometer with head, with Vantec TM area detector and appropriate video plus laser tracking. Measured, at the centre of the tube cross-section using standard d-sin 2 Ψ 17,18 .Residual stress is measured at Fusion zone of weld material; of the lateral surface on weld samples, for calculation 19 of the residual stress, the following Equation-2 is used.
(2) 
Residual Stress
Residual stresses caused by thermal stresses even after external forces are removed in the material. The axial residual stress is measured in the transverse direction (weld direction) on the surface of the weldment by using the X-ray diffraction with Bragg's angle is given in Equation-1.
(1)
where n= the order of reflection beam, d= interplaner lattice spacing and θ =Bragg angle The material is in tension, the d-spacing increases and when the material is in compression, the d-spacing decreases are varied due to welding parameters and its cooling rate. The residual stresses are uneven in distribution either sides of the weldments due to its thermal properties (thermal expansion). The residual stress measurement was carried out using the microfocus X-ray diffraction: a Bruker D8-Discover TM system is shown in Figure 3 , and Figure 4 shows The X-Ray Diffraction waves are picked up by detectors positioned detector mounted on an arc-shaped goniometer, with a diffraction angle (2θ), it ranges from of 20º-90º. In Figure 5 the peak positions were observed for all samples. Obtaining a diffraction peak of suitable intensity is important. The peaks must be free of interference from neighbouring peaks. So that the diffraction angle 2θ can be measured experimentally and the d-spacing is then calculated using Bragg's law. The 2θ value is 74.6 and shown in Figure 5 . The strategy of stress estimations includes recording the profile of diffraction at various angle points ѱ with an interplanar spacing of "d". Using the resultant d spacing vs Sin 2 ѱ plot shown in Figure 6 , the magnitude of surface residual stresses in the given direction is estimated 20, 21, 22, 23 . The other two parameters are width and intensity of diffraction measuring of peaks in work surface can give the better microstructure data identified in the explored surface. Related grain size and deformation represent the diffraction peak at different ѱ inclination angles. Figure 6 shows the regular d vs sin 2 Ψ for the weldment at fusion zone and for calculating the residual stress Equation-2 were used. The data of d 0 is also taken from Figure 6 , slope 'm' is measured by drawing lines between d spacing and sin 2 Ψ, E and v are Young's modulus and Poisson's ratio of the materials. The individual measured value of d vs sin 2 Ψ is used for slope 'm' and this is used for calculating the residual stress using Equation-2 for all combinations. The residual stresses of various combinations are shown in Table 4 .
Results and Discussions
The aspect ratio of the weldment various with the process parameters used for both CC and PC GTAW process. The welded bead geometry was measured at the lateral surface of the plates; measurement was taken place in horizontal and vertical directions of in the thickness of the weldments are shown in Table 5 . The higher depth of penetration is preferable for the weldments and lower the bead width. The larger the bead width is observed in lower root opening and better depth of penetration for all the weldments.
In the design of experiments, the objective is to identify the critical parameters which will help in obtaining the desired outputs. In the welding process, we will like the output of temperature, residual stress and distortion to have minimum mean and lower the better. To obtain these outputs, we have identified parameters: voltage, current, root gap and flow rate as the parameters. These might be critical parameters or may not be, No-Way Anova estimate indicates whether these parameters critical are not. In No-Way they are two parameters mean, and variation about the mean, the sum of squares of errors gives us an indication of this variation. If the variation is less the selected parameters are not effective and may not effective if the variation is more, we might have included critical parameters in our experimentation. This objective of doing No-way Anova first before doing Anova. This is the analysis of the data without any parameter being assigned, that is the reason for the word No Way. In This analysis, the response is residual stress which has a requirement of Lower the better. In No Way ANOVA, a variation of all data about reference point zero is evaluated. Table 6 . From these two values, Sum of Squares of Error, SS e are calculated as SS e =SS T -SS m . Sum of squares gives the variance. Akella 24, 25 has given a method comparison of variance hypothesis test of significance called F-test. In No-Way ANOVA, the test of hypothesis is between the variance of mean and of error. Sum of square value is same as variance, the ratio of SS m , SS e is compared with the F α,ν1,ν2, where α is the risk and (1-α) is the significance, ν1 is the degrees of freedom (DOF) of the numerator, which is of mean and ν2 is the dof of the denominator which is of error. If F 0.01,ν1,ν2 is greater than F calculated then the null hypothesis is rejected, and alternate hypothesis is accepted to a significance of (1-α).
From Table 7 . F calculated is greater than F 0.05,1,3 and is also greater than F 0.01,1,3 with 99% confidence we can say variance of mean and variance of error belong to different estimates. That is a variation of mean, from zero level, is a significant parameter. Experiments are going to give significant results up to 99% confidence. The No-way ANOVA, the design of experiments, selection of parameters and levels are effective in identifying the critical parameters as shown by the variation of 138 to 183 MPa about the mean value.
In Table 8 ., the ANOVA summary for the parameters on effect on residual stress is calibrated. As F caluculated is greater than F .01,1,5 filler wire selection is important to control residual stresses with 95% confidence we can say factor B, Root Gap is important. Level 1 is 1.8 mm, and the residual stresses are 78 MPa lower than level 2 of root gap 2.0 the residual stress is 100 MPa as shown in Figure 8 . The welding process pulsed current process is not significant with level 2 shows better residual stress than continuous current as shown in Figure 9 . The Level 1 is filler wire with Molybdenum (Mo), this is giving residual stress of 138 MPa, and Level 2 is filler wire without Molybdenum (No Mo), this is giving residual stress of 183 MPa. As the required response is lower the better, Filler wire with Mo, ERNiCrMo-3 is giving low stresses but not significant as shown in Figure 10 . 
Conclusions
The dissimilar materials; SS316L and IN625, were welded with constant current and pulsed current GTAW process with different filler wires and root gaps. The weldments are free from defects, and the same is verified using Radiography. The No-Way ANOVA by Taguchi was calculated and has shown that the experiments have a critical parameter with 99% confidence. Residual stresses were found using X-ray diffraction (XRD), and only root gap parameter was found critical with 95% confidence; both filler wire and welding process had no significant effect on residual stress. For least residual stress the levels of welding parameters recommended are 1.8 mm Root gap, the pulsed current process of welding and ERNiCrMo-3 filler wire, the expected residual stress is138 MPa which gives a factor of safety of 1.4 for SS316L material and 1.5 for IN625. This procedure can be effectively utilized to reduce residual weld stress in the design of structures with GTAW processes.
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